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INTRODUCTION

Kawasaki disease (KD), an acute medium-vessel vasculitis, can lead to
coronary artery aneurysms (CAAs). In rare cases, new aneurysms may
be detected remotely from the acute disease process and after the
typical clinical manifestations have resolved. In patients with repaired
congenital heart disease, this diagnosis may be confounded by a his-
tory of instrumentation of the coronary arteries. We describe a patient
with multiple CAAs in the setting of repaired d-loop transposition of
the great arteries (TGA) with suspected, undiagnosed history of KD.

CASE PRESENTATION

A 16-year-old young man with TGA initially underwent a balloon
atrial septostomy in infancy followed by an arterial switch operation
(ASO). Notably, the native coronary artery anatomy demonstrated
anomalous origin of the circumflex coronary artery from the right
main coronary artery (RCA) originating from the anterior and right-
ward sinus and the left anterior descending coronary artery (LAD)
originating from the leftward sinus. At the time of ASO, the RCA
was extensively mobilized. In the immediate postoperative period,
the patient developed ST segment changes and on surgical inspection
was noted to have kinking of the circumflex coronary artery. They
were placed back on bypass, and the circumflex coronary artery
was further dissected to relieve the slight obstruction with significant
improvement. The patient did well in the postoperative period and
was maintained on aspirin. Serial echocardiography demonstrated
progression in neoaortic dilation and neoaortic regurgitation, as ex-
pected in a patient after ASO, for which atenolol was started.
Approximately 10 years after the ASO, there was progressive left ven-
tricular (LV) dilation with no evidence of dysfunction. There was also
mild left pulmonary artery stenosis, which was hemodynamically
insignificant. The patient never manifested any cardiac symptoms.
There was no other medical history. Specifically, there was no obvious
history of prolonged fever, rash, mucosal changes, or extremity
swelling. Laboratory data were notable for a normal lipid panel.
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Exam demonstrated a grade 2 to 3/6 systolic ejection murmur at
the left upper sternal border, consistent with left pulmonary artery ste-
nosis. A transthoracic echocardiogram (TTE) | year prior demon-
strated known moderately dilated neoaortic root (4.0 cm, Z score
+5.5) with mild regurgitation (Figure 1) and a moderately dilated
left ventricle (LV; LV end-diastolic volume [LVEDV] 213.6 mL, Z score
+4.9; Figure 2) with low normal systolic function (LV ejection fraction
[LVEF] 52%; Videos | and 2). The coronary arteries were not well
visualized on TTE.

Based on routine cardiac imaging guidelines in TGA patients, as
well as monitoring of the neoaortic root dilation, the patient under-
went cardiovascular magnetic resonance (CMR). The CMR was
notable for focal severe aneurysmal dilation of the mid-RCA in the
right atrioventricular groove measuring up to 6 mm in diameter and
10 mm in length, in addition to a severely dilated neoaortic root
(42.4 x 429 x 43.8 mm, Z score +6.4) with mild regurgitation
and a mildly dilated LV (indexed LVEDV 124 mL/m?, Z score
+2.9) with low normal systolic function (LVEF 54%). There was no
evidence of regional wall motion abnormalities. The right ventricle
(RV) was mildly dilated (indexed right ventricular end-diastolic vol-
ume [RVEDVI 121 mL/m?) with normal global systolic function (right
ventricular EF 55%); Video 3).

Given this finding, a cardiac computed tomography scan (CCT)
was obtained, which demonstrated multiple CAAs (Figure 3). There
were 2 focal severe aneurysms in the RCA (1 in the mid-RCA atrio-
ventricular groove with associated calcifications measuring
8.6 x 8.8 mm in diameter and 14.4 mm in length and [ in the distal
RCA just prior to continuation as the posterior descending coronary
artery measuring 7.0 x 7.9 mm in diameter and 9.8 mm in length
with no thrombus) and | long-segment moderate aneurysm with
calcification in the proximal LAD measuring 5.7 x 6.2 mm in diam-
eter and 11.7 mm in length. The degree of dilation was based on visual
estimate as well as comparison to dimensions of the coronary origins.

These findings prompted initiation of coumadin and a statin. To
further assess for vascular abnormalities, magnetic resonance angiog-
raphy of the head, neck, and abdomen was obtained with no evidence
of aneurysms. The patient then underwent exercise single-photon
emission computed tomography (SPECT) myocardial perfusion imag-
ing. After exercise for 11 minutes and 22 seconds using the Bruce pro-
tocol, 87% of maximum predicted heart rate was achieved with no
symptoms and no definite electrocardiographic evidence of ischemia.
Following exercise, imaging demonstrated a predominantly fixed
perfusion defect in the basal and mid segments with normal wall mo-
tion. To better evaluate this, the patient underwent prone imaging,
which demonstrated a decrease in perfusion in the apical segments
in addition to the basal and mid anterior defects (Figure 4). Given
this finding and the concern for ischemia in the territory of these
CAAs, after multidisciplinary discussion, the decision was made to
obtain a vasodilator stress positron emission tomography-computed
tomography (PET-CT). The patient had a resting blood pressure of
96/63 mm Hg with a heart rate of 43 beats per minute, providing a
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VIDEO HIGHLIGHTS

Video 1: Two-dimensional TTE, parasternal short-axis view,
demonstrates a moderately dilated LV (6.2 cm, Z score 4.8) with
low normal global systolic function (LV fractional shortening
29%).

Video 2: Two-dimensional TTE, apical 4-chamber view,
demonstrates a moderately dilated LV (LVEDV 213.6 mL, Z
score +4.9) with low normal LV global systolic function (LVEF
52%).

Video 3: Cardiovascular magnetic resonance, balanced
steady-state free precession sequence, short-axis stack display
from base (top left) to apex (bottom right), demonstrates a mildly
dilated LV (LVEDV/body surface area 124 mL/m?) with low
normal systolic function (LVEF 54%) and no regional wall mo-
tion abnormalities. Septal motion related to previous cardiac
surgery. A mildly dilated RV (RVEDV/body surface area
121 mL/m?) with normal systolic function (right ventricular EF
55%) is also seen.

Video 4: Invasive coronary angiography with selective injec-
tion into the LAD demonstrates 2 areas of consecutive aneu-
rysmal dilation in the proximal LAD, with 50% stenosis in the
bend of the artery between the dilated segments.

Video 5: Invasive coronary angiography with selective injec-
tion into the RCA demonstrates an anomalous origin of the left
circumflex artery arising from the RCA with a posterior course in
the left atrioventricular groove. A calcified aneurysm is seen in
the mid-RCA and a second noncalcified aneurysm is seen at the
bifurcation of the posterior descending coronary artery and
acute marginal artery.

View the video content online at www.cvcasejournal.com.
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corrected resting flow of 1.0 and a flow reserve of 2.38 that were
physiological and within normal limits (Figure 5). There was also a
resting perfusion abnormality that was related to a very mild CT phase
artifact (Figure 5). This suggested that the abnormal perfusion noted
on SPECT was an artifact. The LV systolic function was also normal
at stress (LVEF 60%) and low normal at rest (LVEF 53%).

To assess for any potential interventions, the patient underwent
invasive coronary angiography, which demonstrated multiple areas
of aneurysmal dilation involving the RCA and LAD as described by
prior CCT (Videos 4 and 5). The long-segment proximal LAD aneu-
rysm was noted to have a 50% stenosis in between dilated segments.
There was no evidence of ostial stenosis. Given these findings of mul-
tiple acquired CAAs, a presumptive diagnosis of antecedent KD was
made. At 6 months’ follow-up, the patient remains asymptomatic on
anticoagulation therapy.

DISCUSSION

Kawasaki disease is an acute medium-vessel vasculitis that occurs in
children and is associated with CAAs in about 10% of patients in
the acute phase.' These aneurysms can either regress, persist, recur,
or lead to stenotic lesions over time.” There are rare case reports of
diagnosis of late aneurysms in KD, most of which are associated
with localized stenosis.>* However, patients with congenital heart dis-
ease, particularly those with a history of coronary artery manipulation,
pose additional diagnostic dilemmas in the etiology of late aneurysms.

Transposition of the great arteries is associated with coronary ab-
normalities, both congenital as well as acquired after the ASO. The
ASO involves translocation of the coronary arteries, where the coro-
nary arteries are excised from the native aorta and sutured into the
pulmonary artery (neoaorta). Due to this coronary manipulation, pa-
tients are at risk of developing coronary artery complications, and life-
long periodic surveillance of the coronary arteries is recommended by
current guidelines.” Late complications typically include coronary ste-
nosis or occlusion; however, CAAs are not common.® One case re-
ported a patient with left coronary artery stenosis with poststenotic

Figure 1 Two-dimensional TTE, parasternal long-axis view in systole without (A, leff) and diastole with (B, right) color-flow Doppler,
demonstrates a moderately dilated neoaortic root (4.0 cm, Z score +5.5) with mild aortic regurgitation.
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Figure 2 Two-dimensional TTE, apical 4-chamber view in diastole (A) and systole (B) and parasternal short-axis view in diastole (C)
and systole (D), demonstrates a moderately dilated LV diameter (6.2 cm, Z score 4.8) and volume (LVEDV 213.6 mL, Z score +4.9). LA,

Left atrium; RA, right atrium.

aneurysm, which occurred 11 years after the ASO.” In our patient,
findings of multiple distal CAAs without coronary ostial stenosis or oc-
clusion led to the presumptive diagnosis of antecedent KD.

Current guidelines for surveillance of adult patients with TGA after
the ASO acknowledge the difficulty of coronary artery evaluation, as
they are often not well imaged on TTE beyond the origins.
Additionally, stress imaging with SPECT or CMR lacks sensitivity for
detecting coronary blood flow abnormalities in asymptomatic pa-
tients. The presence of new coronary abnormalities or the progression
of childhood abnormalities is unclear as the long-term natural history
is still unknown.” A recent review by Engele et al.° reported that cor-
onary stenosis was found in 5% of asymptomatic patients on routine
CCT. They concluded that CCT is a good noninvasive imaging tech-
nique for detecting coronary abnormalities in adult patients after
ASO.° In addition, current guidelines from the American Society of
Echocardiography discuss the use of multimodality imaging of these

patients.® Their recommendations include the use of CMR for routine
evaluation of all postoperative patients to assess valve and ventricular
function, outflow tracts, branch pulmonary arteries, for imaging the
proximal coronaries, and for assessing for inducible ischemia; use of
CCT is for patients needing detailed coronary artery evaluation to
assess reimplanted coronary arteries for ostial or distal narrowing or
kinking and to assess for atherosclerotic disease.

Our patient was found to have a CAA on routine axial imaging
more than 10 years after ASO. The finding of an isolated CAA
prompted further imaging, which revealed multiple CAAs involving
different coronary arteries, with an initial concern for myocardial
perfusion abnormalities on SPECT that was resolved by additional
testing with PET-CT and cardiac catheterization. However, coronary
artery stenosis was not a feature associated with these aneurysms,
which raised a concern for the etiology of these aneurysms being un-
related to the history of prior ASO. Although this patient had no
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Figure 3 Cardiac computed tomography, curved multiplanar reformatted orthogonal images of the RCA (A) and the LAD (B), dem-
onstrates 2 focal severe RCA aneurysms (arrows) with associated calcification and a long-segment, moderate aneurysm in the
proximal LAD (arrow). The three-dimensional volume-rendered reconstruction display (C) demonstrates the dilated neoaortic root

and the CAA.
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Figure 4 Gated myocardial SPECT perfusion imaging at rest (top row) and following exercise stress in the supine (row 2) and prone
(row 3) positions with short axis (SA), horizontal long-axis (HLA), and vertical long-axis (VLA) displays demonstrates a reversible
perfusion abnormality in the anterior, basal, midanteroseptal, and apical segments without resolution in prone positioning.

known history of KD, it is the most common cause of CAA in child
hood and studies have shown development of late aneurysms.>* In
addition, calcifications of the coronary arteries are known to be asso-
ciated with KD in patients with CAA.” Therefore, based on the
epidemiology of CAA, a presumptive diagnosis of antecedent KD
was made and our patient was treated per the KD guidelines for

prevention of coronary artery thrombosis with aspirin and anticoa-
gulation.'® The utilization of modalities such as PET-CT in patients
with both congenital and acquired coronary artery disease has al-
lowed for the identification of microvascular dysfunction in patients
without epicardial coronary stenosis, with the additional benefit of
providing measures of blood flow reserve and ventricular function.
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Figure 5 (A) Stress and rest Rb-82 PET-CT imaging with attenuation correction in the SA (top rows), HLA (middle), and VLA (bottom)
displays with bull’s-eye polar maps demonstrates the small-sized, basal anterior, and anterolateral defect on rest that improves with
stress. (B) Dynamic imaging at stress (S) and rest (R) demonstrates normal global and regional myocardial blood flow reserve with no

evidence of ischemia.

CONCLUSION
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